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ABSTRACT This study was to explore the feasibility of FGD1 in a model of Liver fibrosis (LF) to evaluate its
mechanism. Serum FGD1 mRNA expression was up-regulated in patients with LF and had a positive correlation with
serum o-SMA, Collagen |, and E-cadherin mRNA levels. FGD1 levels in liver tissue were increased. In vitro model of LF,
FGD1 promoted ferroptosis of hepatic fibroblasts and reduced cell growth, in CCl4-induced LF mice. FGD1 induced
PTEN/Nrf2 signaling pathway. Sh-FGD1 prevented LF in mice. In vitro model of LF, the inhibition of PTEN reduced
the effects of FGD1 on hepatic fibroblasts. PTEN reduced LF in LF mice by Sh-FGD1. Taken together, FGD1 induces
the PTEN/Nrf2 pathway to promote ferroptosis of hepatic fibroblasts in LF and provide molecular insight into the

mechanisms by which the FGD1 regulates ferroptosis in LF.

INTRODUCTION

Liverfibrogs(LF) isamanifestation of repairim-
baancereauitingfromchronicinjury (Dingetd. 20233
Djouinaet d. 2023). There is today generd agree-
ment that LF beginswith the recruitment of inflam-
matory immune cdlls caused by cdlular injury. LF
continuousaccumulation of extracd lular metrix caused
by various pathogenic factors, including hepatovira
infection, acohol, metabolic disorders, autoimmune
disorders, and hepatotoxic drugs.

Thechronicinflammatory response of theliver
is mainly mediated by liver macrophages. Mac-
rophages have strong plasticity. Under patholog-
ical conditions, in addition to resident macrophag-
es, macrophages from other sources are constant-
ly recruited into tissues and differentiate into dif-
ferent phenotypes based on changes in the tissue
microenvironment. Alpha-smooth muscleactin (&
SMA) myaofibroblasts produce a lot of collagen
and other extracd lular matrix (ECM) molecules, and
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secrete pro-inflammatory cytokinesto exacerbate
subsequent immune cell infiltration and promote
fibrosis (Ding et al. 2023b; Lurieet a. 2015). Re-
search hasshown that after removing theroot caus-
esof variouschronic liver diseases, some patients
can achievefibrosisreversal. However, spontane-
ous reversa usually occurs relatively slowly or
with alow incidence, making it difficult to avoid
life-threatening complicationsin atimely manner,
especidly late stagefibrosis.

Further investigations have revealed that dur-
ing this process, activated hepatic stellate cells
(HSCs) undergo cellular apoptosisor senescence,
resultinginthereversal of LF. HSCsareakey driv-
ing factor in experimental and human liver injury-
induced fibrosis. Therefore, specifically targeting
and clearing activated HSCs can prevent exces-
sveECM deposition andisregarded asakey mea-
surefor treating and preventing LF of LF. Carbon
tetrachloride (CCl,) has been widely used as an
organic solvent, chemical raw material, and fabric
dry cleaning agent, increasing the opportunities
for occupational and non-occupationa contact,
and posing a potentia threat to the population
year by year (Roehlen et a. 2020). CCl, poisoning
is mainly characterised by central anaesthesia
symptomsand liver and kidney damage (Zhang et
a.2021). Toxicologica studiesfoundthat CCl ,can
cause liver cell necrosis, steatosis, fibrosis, and
carcinogenesis(Zhao et al. 2021).
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Lysosome-mediated regulated cell death (RCD)
asoimportant to L F except lipid metabolism (Kong
et al. 2019). Hepatocyte apoptosisis mainly trig-
gered by both intrinsic and extrinsic factors acti-
vating Caspase-7 and Caspase-3, cause to protein
cleavage, nuclear fragmentation, and cell death.
The inflammation caused by RCD is much less
than that caused by necrosis. Faced with metabol-
ic imbalance, inflammation, and other factorsin-
ducing mitochondria dysfunction and endoplas-
mic reticulum stress (ERS), hepatocytes sponta
neoudly exhibit regulatory mechanismsfor RCD,
including autophagy, pyroptosis, and ferroptosis
(Livetd. 2022). Thesemechanismsaimtoremove
intracellular debris, modulate hepatocel lular para
crine secretion to reduce inflammation and regu-
lateiron metabolism abnormalitiesthat inhibit lipid
oxidation, thereby protecting normal hepatocyte
function. Responsing to ERSinduced by hepatitis
hepatitisvirus, signal pathwaysinvolving tumour
necrosis factor (TNF) and p53, can death recep-
torsattract cytotoxic T cells,regulate cellular apo-
ptosis, for targeted clearance of hepatocytes (Hua
ng et al. 2022). Although cytotoxic T cells attempt
tominimiseloca inflammation through controlled
apoptosis, prolonged high-level antigen exposure
canleadto T cell exhaustion, whichisanimportant
factor contributing tofibrosis(Luo et a. 2022).

Ferroptosis is worth considering whether in-
ducing ferroptosis in HSCs or LF can dleviate.
The mechanisms of Ferroptosis are mainly sum-
marised asiron metabolism, glutathione peroxidase
4(GPX4)/glutathione (GSH) (Yanget d. 2022). In-
hibiting the GSH/GPX4 system can lead to cell
membrane peroxidation damage and ferroptosis
(Guo et a. 2023). GPX4 isthe only known GPXs
isoenzymethat can reduce lipid peroxidesto aco-
hols, andinhibit the occurrence of ferroptosis(Lang
eta. 2023). GSH isanimportant cofactor for GPX4
toexert antioxidant activity (Yuaneta. 2022). Lack
of GSH will lead to GPX4 inactivation, and itssyn-
thesisiscontrolled by theratelimit of cysteine(Lu
et a. 2023). Knocking out GPX4-related genes or
using GPX4 inhibitors such as RSL3 will induce
cell ferroptosis, whichisrelated to lipid peroxida-
tion caused by intracellular GPX4 inactivation
(Gongetd. 2023).

The nuclear factor E2 related factor 2 (Nrf2)/
GPX4 isanimportant regulatory pathway for fer-
roptosis(Shi et al. 2023d). Research hasfound that
the protein arginine methyltransferase 4 can pro-
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moteferroptosisby inhibiting the Nrf2/GPX 4 path-
way, thereby exacerbating doxorubicin-induced
cardiomyopathy (Pan et al. 2023). In addition, re-
search has confirmed that aerobic exercisecanin-
hibit ferroptosis and promote myocardial antioxi-
dant enzymeactivity and improving LF by activat-
ingtheNrf2/GPX4 pathway (Shi et d. 2023c; Xiong
etd. 2021). Nrf2 formsadimer withitsinhibitory
protein Keapl inthe cytoplasm (Yang et a. 2023).
Asanimportant regulator of ferroptosis, GPX4is
regulated by Nrf2. Upon stimulation, Nrf2 dissoci-
atesfromitsinhibitory protein Keapl, GPX4, and
heme oxygenase 1, thereby exhibiting antioxidant
activity (Ruaneta. 2020).

FGD1 promoted the synthesis of fibronectin
and collagenin ECM, and it can @l so inducefibro-
sis and activate cancer matrix, making it a key
growthfactorintumour EMT (Wu et d. 2020; Hou
et al. 2003). Secondly, cellsform proteolytic active
protrusionsonthe ECM matrix, commonly referredto
as invasve pseudopodia, which can lead to loca
degradation of ECM and promotetumour metastas's
(Zengetd. 2020).

Objective

Thisstudy explored thefeasibility of FGD1in
themode of LF to evaluate its mechanism.

MATERIAL AND METHODS
Patientswith LF

This study was approved by the Ethics Com-
mitteeof our hospitd. All theserum samplesfromnor-
ma volunteersand patientswith L Fweresnap-frozen
inliquid nitrogen and stored at -80°C.

Cédl Cultureand Transfection

Using Lipofectamine2000, FGD1 plasmid or -
FGD1 plasmidweretransfectedinto LX-2 cdlls(hu-
man hepatic stellate cell line). After 4 hours of
transfedtion, LX-2cdIsweregivenwiththerecommended
(5uM) of TGF-p1for48hours.

InVivoModd
Every 3days, old C57/BL6 malemicewerein-

traperitoneally injected with 0.6 ul/gof CCL, (CCL
oliveail = 1:3), administered for 8 weeks continu-
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oudy. Theliver and ssrumwereharvested and themice
were sacrificed, one day dfter the last adminigration
of CCL,

Quantitative Polymer aseChain Reaction (QPCR)

According to the Prime-ScriptTM RT detec-
tion kit, gqPCR was performed with theABI Prism
7500 sequence detection system. Relative levels
of thesamplemRNA expression wereexpressed as
2% and calculated.

Immunofluorescent Saining

After blocking with 5 percent BSA for 1 hour,
L X-2 cellswereincubated with PTEN (1:500, Cell
Signalling Technology, Inc.) and FGD1 (1:100, Ab-
cam) at 4UC overnight. Cellswereincubated with
goat anti-rabbit |gG-cFL 488 or anti-rabbit |gG-cFL
555 antibody (1:100) for 2 hoursat room tempera-
turewashed with PBSfor 15 minutes, and stained
with DAPI. Theimages of cellswere obtained by
using aZeissAxioplan 2 fluorescence microscope
(Carl ZeissAG Oberkochen, Germany).

Praliferation Assay and EDU Saining

After culturing at the indicated time, using
CelITiter-GloR Luminescent Cell Viability Assay
(Promega, Madison, WI,U.SA.) , thecdlular prolifer-
ationwasdetected. Cellswerefixed with 4 percent
formaldehydefor 30 minutes, EAU (10 mM, Beyo-
time) was added to each well using a fluorescent
microscope (Olympus).

Western Blot

The membranes were incubated with primary
antibodies: FGD1 (ab251655, 1:1000, Abcam),
GPX4 (2252833, 1:1000,Albcam), Nrf2 (12721, 1:1000,
Cdl Sgndling Technology, Inc.), PTEN (9559, 1:1000,
Cell Signaling Technology, Inc.), and B-Actin
(4970, 1:5000, Cdl Signalling Technology, Inc.), fol-
lowed by incubation with secondary antibodies
(1:5000, servicebio).

Satistical Analyses

Statistical analysis was performed by Graph-
Pad Prism 6 using one-way analysis of variance
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(ANOVA) or Student’st-test. p< 0.05wascongdered
statistically significant.

RESULTS
Expresson of FGD1 L evesin Patientswith LF

Firstly, this paper mainly studiesthe levels of
FGDlinamodd of LF. Serum FGD1 mRNA expres-
sion in patients with LF was up-regulated, com-
parison with the normal volunteers (p<0.01; Fig.
1A). Serum FGD1 mRNA expressionwaspostive-
ly correlated with a-SMA (p=0.0008), Collagen|
(p=0.0010) and E-cadherin (p=0.0002) mMRNA ex-
pression levelsin LF patients, and AUC = 0.9444
(Fig. 1B-1E). InLF micemodd , FGD1 mRNA and
protein expression levelsin liver tissue were in-
creased in comparison with the sham operation
group (p<0.01; Fig. 1R 1G).

Serum FGD1 mRNA expression (A), FGD1
MRNA expression was positively correlated with
Collagen| (B), a-SMA (C), E-cadherin (D) mRNA
expression in patients, and Sensitivity (E), FGD1
mMRNA and protein expression (F and G). #p<0.01
vs sham operation groups or normal volunteers

FGD1 Promoted Hepatic Fibroblagtsin Vitro
Modd of LF

The researchers tested the function of FGD1
on hepatic fibroblasts in vitro model of CCl -in-
duced LF. §-FGD1 plasmid reduced FGD1 mRNA
expression of hepatic fibrocytes, FGD1 plasmid
increased FGD1 mRNA expression invitromodel
of LF(p<0.01; Fig. 2A). FGDlincreasedthemRNA
expressionlevelsof COL1A1, a-SMA, Collagen|
and E-cadherininvitromodel of LF (p<0.01; Fig.
2B-2E). S-FGD1 decreased themRNA expression
levels of COL 1A1, a-SMA, Collagen |, and E-
cadherininvitromodel of LF (p<0.01; Fig. 2F-21).

FGD1/col1A1l/a-SMA/Collagen |/E-cad-
herinmRNA expression (A/B/C/D/E), COL 1A1/
a-SMA/Collagen I/E-cadherin mMRNA expres-
sion (F/G/H/I) invitro model of LF.""p<0.01vs
the negative or si-NC group.

FGD1Reduced Cdl Growthin VitroModd of LF
The study examined the effects of FGD1 on

cell growthinvitromode of LF. FGD1 reduced cell
growth and EDU-positive cells, and decreased



279

FGD1 AFFECT LF

TELL + NEVPEO = A

L
2]

O WHEERMI YHEW LODd

Li
-

1
L]

L
L]

SJ82IUNJOA fewou Jo sdnolf uomesedo weys sA TO'0>d..

(9 pue 4) uoissaudxe uplold pue YNHW TADH ‘(3) Auanisuss pue ‘seifed ul uossaldxe YNYW (Q) uLeyped-3
‘(0) vins®e ‘() | Wabe(j0D yim parepliod ApAnsod sem uossaidxe YNHW TAD ‘() Uossaidxe YNHW TA9d wnes

47 yum siusired ul spad| TAD4 Jo uosssaldx3g T Bi4

s dpspsads - sgng L
URLLBYRY  WEyg uRmLsyEy  wmyg 0Ok OB 0B OF 0 O
—0 =i 1 1 1 1 1 i
) il
b= | “m | .m m L0z
o
- £3 53 o b
3 - = w
=1 %]
-E T W 3 — 1%
..M.M =3 {M
il -0
i L m
Iﬁ u =] I' u‘ lEr m
YHHW YRS WL | wabe)os
of 0F ol ] 5L ok ] [ sjuaey  prauoy
L 1 1 u L '] Il g 1 .- n
a a ..ﬁ.. 2
-z 3 ; & " -ww g
C] E] 3
3| ] o o X
-y £ -r £ - o £
- 2 12
=¥ ) o 3 B o £
= o 0LO00=d » - -1
£05'L + WIELZ 0= A -M EFLE'D + X 21250 = A .qm. a._ -8 m
a

Int J Hum Genet, 24(3): 276-291 (2024)



280 JE ZHENG, JN WANG, YINONG ZHOU ET AL.

-

Si-FGD1

Si-nc

L
Vector FGD1

| 1.59

I T T T 1
L i =+ o~ =

tmwaﬂ 0 Plon
w (1010240 ploy)
uoissaidxe YNHLW YIS0 uojssaidxs YNHW YINS-D

Si-FGD1

Si-nc

J .
1 1 )
= ] =

=]

ek
Vector FGD1

T I !

@ = 0 e e
- N T (101904 jo pjoy)
= (103284 jo ployg) 1ojssasdxa YNNW ulsypes-3

uojssaudxa yNYW usypes-3

Si-FGD1

Si-nc

-

I

Iﬂ
o [J°¥°9M° plcul
uojssaudxe yyyw | usbejjon

}—:
T T 1
= wy =

=

e
Si-nc Si-FGD1
Ll
Vector FGD1

r T T 1
w o w ]
- - o

= n ° S a
(103294 jo pjoy) 2 =
uojssaidxa w o (101004 Jo ploy)
! MR uojssasdxa YNyW | uabejon

Si-nc

L]
Vector FGD1
w
Vector FGD1

= £ = & I ¥ § & 3
< (101094 jo ploy) m (103024 Jo plO}) - (103234 o pjoy)
uojssaidxe yNyw Q94 uojssasdxe yNHW Y1109 uolssaidxe yNYW LYLI109D

FGD1/col1A1/&SMA/Collagen I/E-cadherin mRNA expression (A/B/C/D/E), COL 1A1/a&-SMA/Collagen |/E-cadherin mRNA expression (F/G/H/I) in

Si-FGD1
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migration rate in vitro model of LF (p<0.01; Fig.
3A-3C). Si-FGD1 increased cell growth and EDU-
positive cellsand promoted migration ratein vitro
model of LF (p<0.01; Fig. 3D-3F).

FGD1 Promoted Ferroptodsof HepaticFibr oblasts
inVitroModd of LF

The researchers sought to understand the ef-
fectsof FGD1 ontheferroptosisof Hepatic Fibro-
blastsinamodd of LF. FGD1 increased Pl-pogitive
cellsand LDH activity levels and promoted iron
concentration levelsin vitro model (p<0.01; Fig.
4A-AC). S-FGD1 down-regulation reduced Pl-pos-
itive cells and LDH activity levels and inhibited
iron concentration levels of hepatic fibroblastsin
vitromode of LF (p<0.01; Fig. 4A-4C). FGD1re-
duced GSH activity level and suppressed GPX4
protein expression levels of hepatic fibroblastsin
vitromodel of LF (p<0.01; Fig. 4D-4E). S-FGD1
increased GSH activity level, and induced GPX4
protein expression levels of hepatic fibroblastsin
vitromodd of LF (p<0.01; Fig. 4D-4E).

FGD1 over-expressonreduced JC-1levelsand
MPT and promoted mitochondrial damage in a
modd of LF (p<0.01; Fg. 4F4H). S-FGD1 promot-
ed JC-1levelsand MPT and reduced mitochondri-
al damage of hepatic fibroblastsin vitro model of
LF(p<0.01; Fig.4F4H).

FGD1Induced PTEN/Nrf2 Sgnalling Pathway

Serum FGD1 mRNA expressionwasnegeative-
ly corrdlaed with serum PTEN (p=0.0102) and Nrf2
MRNA (p=0.0058) expressionlevesin patientswith
LF(Fig.5A). FGD1 over-expressioninduced FGD1
and PTEN protein expression levels, and sup-
pressed Nrf2 protein expressionlevel invitro model
of LF (p<0.01; Fig.5B). S-FGD1 suppressed FGD1
and PTEN protein expression levels, and induced
Nrf2 protein expressionlevel invitromodel of LF
(p<0.01; Fig. 5C). Immunofluorescence showed
that FGD1 over-expression increased FGD1 and
PTEN expression of hepaticfibroblastsinvitromodel
of LF(Fg.5D). FGD1 proteininterlinked with PTEN
protein (Fig. 5E). FGD1 reduced PTEN Ubiquitina
tion, and S-FGD1 increased PTEN Ubiquitinationin
vitromode of LF (Fig. 5F).

Sh-FGD1Prevented LFinMiceModd of LF

The study determined the effect of Sh-FGD1
onLFinthemicemode of LF. Sh-FGD1 viruspre-
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vented LF, reduced ALT, AST, HA, and Hyp lev-
€ls, and suppressed COL 1A 1, Fibronectin, o-SMA,
Collagen |, and E-cadherin mRNA expression lev-
elsinmicemoded of LF (p<0.01; Fig. 6A-6J). Then,
the Sh-FGD1 virus suppressed PTEN expression
andinduced Nrf2 and Gpx4 protein expression lev-
ésinliver tissueof micemodel of CCl,-induced LF
(p<0.01; Fig. 6K).

Inhibition of PTEN Reduced theEffectsof FGD1
onLFinVitroModd

More importantly, the researchers confirmed
the mechanism of FGD1 on hepatic fibroblastsin
vitromodel by PTEN. PTEN inhibitor (100 nM of
PTEN-IN-5) suppressed PTEN protein expression
level, andinduced GPX4 and Nrf2 protein expres-
sionlevelsinvitromodd of LFby FGD1 (p<0.01;
Fig. 7A). PTEN inhibitor increased cell growth, re-
duced hepatic fibroblasts and ferroptosis in vitro
model of LFby FGD1 (p<0.01; Fig. 7B-7H, Fig. 8).

PTEN Reduced LFinMiceModd of LF by
Sh-FGD1

Next, PTEN agonists suppressed GPX4 and
Nrf2 protein expressions in liver tissue of mice
model of LF by Sh-FGD1 virus(p<0.01; Fig. 9A).
PTEN agonistsincreased LF and Liver injury in
micemode! of CCl -induced L F by Sh-FGD1virus

(p<0.0L; Fig. 9B-9J).
DISCUSSION

LF is caused by various factors including vi-
ruses, a cohol, and autoimmune factorsthat cause
inflammation and necrosisof liver cells, leading to
activation and transformation, and alarge amount
of depositionintheintercellular matrix (Elbaset et
a. 2023; Kissdlevaand Brenner 2021). LFand eaxly
cirrhosis are reversible, but later progression to
thelatestage of cirrhosisisirreversible, andit may
even develop into liver cancer (Tang et al. 2023;
Cdligiuri et a. 2021). LF is often associated with
vird infections(suchasHBV andHCV), NAFLD,
non-alcoholic steatohepatitis (NASH), excessive
alcohol intake, metabolic abnormalities, and bile
stasis. Cirrhosisis an increasingly serious health
problemintheworld, withaglobal mortality rate of
2.4 percentin 2019. Theincidencerateof NAFLD
related liver faillure and HCC is aso on the rise,
leading to NAFL D becoming the fastest growing
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factor in liver related mortality and incidencerate
and the main factor in liver transplantation. Re-
search has shown that the primary determinant of
poor prognosisin NAFLD isthe grading of fibro-
sis, rather than the histological characteristics of
NASH. Evenin the very early stages of fibrosis,
the mortality rate increases dightly and linearly
withthe severity of fibrosis. Besidesinflammation,
each etiological factor hasits own specific fibro-
genic activation pathway in the process of LF de-
velopment. HBV inducesimmune-suppressivecells
accel erating LF throughimmune cascadereactions
(Elbaset et a. 2023; Kisselevaand Brenner 2021).
After exposure to various etiological factors, the
body initially experiencesthe accumulation of im-
mune cellsand the activation of inflammation (El-
baset et a. 2023; Kissdleva and Brenner 2021).
Based on existing research findings, the author
summarises the pathogenic mechanisms as im-
mune-inflammatory activation, cdllular transforma:
tion, lipid engulfment, and regulatory cell death.
These three factors contribute independently and
interactively to the pathogenesiswithout a specif-
ic sequence, collectively leading to the occurrence
and progression of fibrosis. Therefore, it isurgent
to continuoudly seek effective treatment methods
to block or even reverse LF. This study showed
that serum FGD1 mRNA expressionwas up-regu-
lated in patientswith LF or micemode of LF. Zeng
etal. (2020) reved that FGD1 possessesoncogen-
ic properties in hepatocellular carcinoma. FGD1
exertsaregulatory roleinthe model.

LF caused by multiple pathogenic factorslead-
ing to cytokine secretion and internal environmen-
tal disorders during long-term liver injury, result-
inginexcessiverepair of theliver and the appear-
anceof fibrousscars(Tang et d. 2023; Naumeet d.
2023). Theextracdlular matrix isthemateria basis
fortheformationof LF (Li et a. 2023). Inthisstudy,
FGD1 promoted hepatic fibroblasts, and reduced
cdl growthinvitromodd of LF. Sh-FGD1 prevent-
ed LFinmice models. Cai et d. (2020) identified
that FGD1 isone DNA methylation biomarker for
hepatocelular carcinoma So, FGD1 participatedin
LFinamicemodel of CCl,-induced LF.

Ferroptosisis closely associated with LF. Fer-
roptosisis characterised by iron-dependent redox
imbalance, leading to membrane phospholipid per-
oxidation damage (Wu et a. 2021). Iron mediated
cell death was first proposed in 2012, whichisa
regulatory cell death mode centered oniron. There-
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fore, inhibiting iron death has become one of the
strategiesfor tresting NAFLD fibrosis, Ontheother
hand, promoting ferroptosis may also become a
target for treating the fibrotic phase of NAFLD
(Wu et al. 2021). Ferroptosis may become a new
target for inhibiting LF (Pan et a. 2021). Moreover,
abnormal eevation of ironionsand lipid peroxida-
tion levels may have adverse effects on normal
liver cellsand the cellular environment within the
liver. Unliketheclinical application of ferroptosis
asatreatment for liver cancer, there have been no
reports on clinica studies targeting ferroptoss.
Currently, acritical question remainsfor how can
one precisely and specifically induce ferroptosis
inhepatic sellatecdlsat theindividual level?This
is the key to whether ferroptosis-based therapy
for LF canbeapplied clinicaly inthefuture. FGD1
promoted ferroptosis of hepatic fibroblastsin vit-
romodel of LF(Langeta. 2023). Niuetd. (2021)
suggested that FGD1 suppresses melanoma pro-
gression, and induces cell apoptosis. These data
showed that the FGD 1 gene promoted ferroptosis
of hepaticfibroblastsinamodel of LF (Chenetal.
2023; Shi etd. 2023b). Sh-FGD1 virusand induced
Gpx4 protein expressions in liver tissue of mice
model of CCl4-induced LF. Tdlesetd. (2012) found
that FGD1isinvolvedinvesicular transport and cell
death in themodel of trauma. These dataindicated
that FGD1 participated in Ferroptosisof LF.

Nrf2isthemain regulatory factor of theantiox-
idant response, which can induce and participate
in the regulation of iron concentration and intrac-
elular ironion metabolism. SLC7A11 and GPX4
areimportant downstream factorsof Nrf2 (Li et a.
2023). Theactivation of Nrf2 cansignificantly im-
proveLF (Yang et al. 2023; Shi et al. 2023a). This
study showed that FGD1 induced PTEN/Nrf2 sig-
nalling pathways. So, by theinhibition of Nrf2 activ-
ity, FGD1 promoted ferroptos sof hepaticfibroblasts
inamodel of LF.

PTEN possesses diverse biologica functions
and isinvolved in cellular proliferation, survival,
differentiation, and energy metabolism. Current
research on theregulation of LF by PTEN mainly
focuses on the PI3K/AKT pathway. It has aso
been found that PTEN can regulate macrophage
M2 pol arisation and epithelial-mesenchymal tran-
sition (EMT), dthough the specific mechanisms
require further investigation. The expression of
PTEN protein is significantly reduced in cancer
tissue compared to adjacent tissues (Rojo et d.
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2014). Thelower thedifferentiation and malignan-
cy of liver cancer tissue, the lower the expression
of PTEN protein (Taguchi et a. 2014). Thisstudy
determined that FGD1 up-regulation reduced PTEN
Ubiquitination, and FGD1 down-regulation in-
creased PTEN Ubiquitinationinvitromodd of LF.
Wu et a. (2020) suggested that FGD1 promotes
tumour progressionin osteosarcomaby inhibiting
PTEN activity. FGD1 geneinduced PTEN activity
to promote ferroptosis of hepatic fibroblastsin a
model of LF by theinhibition of Nrf2 activity.

CONCLUSON

FGD1 gene promotes ferroptosis in model of
LFthrough PTEN/Nrf2 signalling pathway by the
inhibition of Nrf2 Ubiquitination.

RECOMMENDATIONS

Theinhibition of FGD1 providesarationaleto
enhance the efficacy of anti-ferroptosis treatment
for hepaticfibroblasts. FGD1 might beatarget for
thetreatment of LF or other liver diseases.
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